ABSTRACT: This study was conducted to determine normal rates of growth of different skeletal segments in the Thoroughbred horse. Growth of body weight and eight skeletal segments (wither height, hip height, body length, knee t o pastern length, hock to pastern length, shoulder to pastern length, width of chest, depth of girth) were monitored in 106 horses (60 colts, 46 fillies) during the period from 14 to 588 d of age. Body weight gains were slightly higher (30 t o 40 kg) than previously reported values. Growth in wither height and hip height were similar t o previous reports. During the period measured in this study hip height was consistently 2 or 3 cm larger than wither height. Growth patterns for wither height, body length, and shoulder to pastern lengths were similar to one another. Growth of the knee to pastern and hock to pastern segments reached a plateau at approximately 140 d of age, which coincided with the cessation of longitudinal bone growth. These data define skeletal growth patterns in the Thoroughbred horse and are useful in determining the relationship between growth and the occurrence of orthopedic diseases in horses.
Introduction
Growth rates of the Thoroughbred horse and other breeds of horses are not as well defined as they are in other animal species. To strengthen our understanding of skeletal development and muscle growth it is necessary that accurate data on growth rates are known. Hintz et al. (1979) published data from 1,992 Thoroughbred horses on gains in body weight, hip height, and wither height. In addition to the data of Hintz et al. ( 1979) there are data available on body weight gains (Green, 1969 (Green, , 1976 Ott et al., 1979; Ott and Asquith, 1986 ; Thompson et al., 1988a,b; Cymbaluk, 1989 ) and some data are available on growth of different skeletal segments (Campbell and Lee, 1981; Oki and Nagata, 1983; Fretz et al., 1984; Hansen et al., 1986; Saastamoinen, 1990 ; Thompson and Smith, 1994) . If a group of data were available that defined skeletal growth patterns in detail then a better description of normal and abnormal growth could be made. J. h i m . Sci.
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The growth patterns obtained from this study will define rates of gain of body weight and growth of specific skeletal segments such as wither height, hip height, body length, knee to pastern, hock to pastern, point of shoulder to pastern, width of chest, and depth of girth. The purpose of this study was to define growth rates of Thoroughbred foals under traditional management conditions.
Experimental Procedures
This study was conducted on a central Kentucky Thoroughbred horse farm. The study population consisted of 106 foals (60 colts, 46 fillies) from three consecutive foal crops (1989-1991). Differences between years were not significant, thus, data were pooled. Growth rates were measured at 14-d intervals during 14 to 392 d of age and were recorded at 28-d intervals thereafter until each horse reached 588 d of age. The total study period was 14 t o 588 d of age. Body weights and individual body segment lengths were measured and recorded during that period. Body weight (B W) was measured directly with a portable scale and photogrammetrical methods were used to measure individual body segment lengths (Magnusson, 1985) . Each segment length was measured from conformational photographs in which a calibration standard was simultaneously exposed in the same photograph as the foal (Figure 1 ). Body segment Figure 1 . Typical conformational photograph used for the measurement of skeletal segments. lengths were calculated for wither height ( " H ) , hip height (HH), body length (BL), knee to pastern ( KP), hock to pastern ( HP), point of shoulder to pastern ( PSP), width of chest ( CH), and depth of girth ( GI) (Figure 2 ). At 60 d of age foals were group fed a 16% crude protein ration in a creep feeder located in their respective fields. During the creep feeding period foals were initially fed at a level of .5 kgld and then increased to 3.0 kg/d at weaning. Foals were then weaned at 130 d of age, separated by sex, and individually fed a commercially available 14% crude protein grain mix that supplied current nutrient requirements (NRC, 1989) . All horses were pastured on fields that were a mix of bluegrass (70%), fescue ( 15%), and clover ( 15%). Horses were treated similarly between each calendar year. During the course of this study, horses were evaluated weekly for developmental disorders related to growth rates and(or) nutrient intakes.
Animals were grouped according to sex and means for each growth measure were calculated. The data were compared by analysis of variance procedures for a repeated measures design according to the methods of SAS ( 1988) . Due t o the relatively small number of animals used in this study animal variation was larger than expected.
Results and Discussion
Body weight gains were slightly higher than those observed by others (Hintz et al., 1979; Thompson, et al., 1988a,b; Saastamoinen, 1990) .
Colts averaged 83.5 kg and fillies 81.5 kg at 14 d of age, and at 588 d of age the colts and fillies were 477.7 and 454.7 kg, respectively ( Table 1 ). The BW gains were similar between colts and fillies except for the period from 266 Figure 2 . Sites of measurement used for each skeletal segment, A) wither height; B) hip height; C) body length; D) knee to pastern length; E) hock to pastern length; F) point of shoulder to pastern length; and G) depth of girth.
to 322 d of age when colts were larger ( P < .05) and were also higher than reported in the Hintz et al. (1979) study. Both colts and fillies gained more weight (30 to 40 kg) in the present study than those gains reported by Hintz et al. ( 1979) . This may have been related to the different (larger) genetic pool of animals from the present study, or from a higher caloric intake that the horses from the present study may have received. The WH gains in the present study (Table 2 ) were similar to the data presented by Hintz et al. (1979) . At 14 d of age both the colts and fillies from the present study were slightly taller than those reported by Hintz et al. ( 1979) . However, at 588 d of age WH was similar to reported values (Hintz et al., 1979) . At 588 d of age the colts averaged 152.2 cm and the fillies averaged 152.1 cm in height that represented gains of 44.0 and 43.9 cm, respectively. Hintz et al. (1979) reported gains in WH to be 50.4 and 48.3 cm for colts and fillies, respectively. The differences may have been due to the foals in the present study being taller at 14 d of age than those in their study. The patterns of weight and height gains in our study suggest that growth rates have not changed dramatically during the past 30 yr.
Growth in HH followed a similar pattern to WH (Table 2) . Both colts and fillies averaged 109.0 cm in height at 14 d of age, and at 588 d of age they were 153.2 and 152.9 cm, respectively. Oki and Nagata (1983) reported that between 540 to 600 d of age, height at the croup was 157.8 and 156.6 cm for colts and fillies, respectively. The growth rate of HH was due t o the different mature sizes of the horses used in their study. During 540 to 600 d of age, Oki and Nagata (1983) reported that body lengths were 154.1 and 152.7 cm for Thoroughbred colts and fillies, respectively. These were similar to the BL observed in the present study.
The growth rates for BL were similar to those observed for WH and HH.
At 14 d of age the PSP averaged 70.4 and 69.6 cm, and at 588 d of age PSP averaged 91.7 and 91.6 cm for the colts and fillies, respectively ( Table 3 ). The growth rates of the PSP measures were similar to other skeletal segment growth rates and were similar between the colts and fillies. There is little other comparative data available for this measure. The growth rates of the KP and HP measures were slow and most of the gains occurred in the first 140 d of age (Table 4) . At 14 d of age the KP measures were 27.9 and 27.4 cm, at 140 d of age they were 30.5 and 30.2 cm and at 588 d of age they were 31.9 and 31.8 cm for the colts and fillies, respectively. At 14 d of age Table 3 . Growth in body length (BL)a k SD and point of shoulder to pastern length k SD in colts and fillies from 14 to 588 days of age .4) .4(1.9) 39.6(1.6) 39.6(1.7) 39.6(1.9) 39.6(1.8) 39.6(2.4) 39.9(2.2) 39.9(2.1) 39.9(2.2) 39.9(1.7) 39.9(1.8) 39.9(2.1) 39.912.0) 39.9(1.9) 39.9(1.8) 39.9(2.0) 39.9(1.9) 39.9(1.8) aLengths are presented in centimeters.
the HP measures were 36.1 and 36.3 cm, a t 140 d of age they were 39.4 and 39.4 cm and at 588 d of age they were 40.1 and 39.9 cm for the colts and fillies, respectively. These data are supported by other reports in which the majority of longitudinal bone growth in the distal limb is completed by 140 to 210 d of age (Green, 1969 (Green, , 1976 Hintz et al., 1979; Campbell and Lee, 1981; Fretz et al., 1984) .
The GI measures made in the present study differed in magnitude from other girth measurements reported in literature (Oki and Nagata, 1983; Saastamoinen, 1990) . The measurement technique used in our study was different from other techniques. The other studies used a technique that measured circumferential heart girth, whereas in the present study the depth of girth was measured two-dimensionally with the photogrammetrical technique. Depth of girth measures were 36.6 and 36.8 cm for the colts and fillies at 14 d of age and aLengths are presented in centimeters.
at 588 d of age they were 64.6 and 63.2 cm, respectively ( Table 5 ) . The GI growth rates were similar to the growth rates presented by others for heart girth circumference (Oki and Nagata, 1983; Saastamoinen, 1990) .
Width of chest measures were 23.1 and 24.4 cm at 14 d of age, and increased to 37.2 and 36.6 cm at 588 d of age for the colts and fillies, respectively ( Table 5 ) . The growth rate was similar to that reported by Saastamoinen (1990) , and it seemed to slow at approximately 364 d of age. Saastamoinen (1990) reported chest width at 18 mo of age was 40 cm, whereas Oki and Nagata ( 1983) reported values of 40.7 and 39.4 cm for colts and fillies. These were slightly higher than the values observed in the present study and may have been due to the different points of reference used in the measurements or to the differences between breeds in mature size. 
Implications
The growth rates presented in this paper should help to define normal growth patterns of different skeletal segments in the Thoroughbred horse. These data may be used to help design feeding and management schemes to control growth rates. These data are also useful for future comparisons that may be made between normal and abnormal growth rates. Such comparisons are necessary to describe the occurrence of orthopedic diseases in young horses, as well as different musculo-skeletal diseases in the mature horse as they may relate to skeletal growth and development.
